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NOTATION 


The  notation  used  in  this  report  conforms  with  that  of  Reference  1,  and  the  inch-pound- 
second  system  of  units  is  retained.  The  only  modifications  introduced  are  subscripts  or 
superscripts  required  to  distinguish  between  the  cradle  (Body  1  or  I)  and  the  assembly 
(Body  2  or  II).  The  two  sets  of  axes  used  are  parallel  to  each  other  but  are  otherwise 
arbitrary  and  need  not  be  principal  axes  of  inertia.  Illustrative  samples  are  given  here. 

Fj*1  Force  in  the  indirection  exerted  on  Body  I  by  the  upper  set  of  mountings 

due  to  a  general  displacement  of  Body  I  with  Body  II  held  fixed 

Fy,n  Force  in  the  y-direction  exerted  on  Body  II  due  to  a  general  displacement 

of  Body  I  with  Body  II  held  fixed 

F  Force  in  the  ^-direction  exerted  on  Body  I  due  to  a  general  displacement 

of  Body  II  with  Body  I  held  fixed 

Ij  Mass  moment  of  inertia  of  the  cradle  (Body  I)  with  respect  to  0t 

Ijy  Mass  product  of  inertia  of  the  assembly  (Body  H)  with  respeot  to 

02*2  and  0ay2 

*  Spring  constant  of  the  entire  lower  set  of  mountings  relating  a  displacement 

of  the  cradle  in  the  ^-direction  with  the  restoring  force  in  the  ^direction, 
and  conversely 

Spring  constant  of  the  entire  upper  set  of  mountings  giving  either  the 
restoring  force  acting  on  the  assembly  in  the  ^direction  due  to  unit 
rotation  of  the  assembly  about  0a  s2  or  the  restoring  torque  about  0a  y2 
due  to  a  unit  displacement  of  the  assembly  to  the  ^-direction,  the  cradle 
being  hold  fixed  in  either  case 

A,J|*  Spring  constant  of  the  entire  upper  set  of  mountings  relating  a  displacement 

of  the  cradle  in  the  e-direction  with  the  restoring  force  acting  on  the  cradle 
in  the  y-direolion,  the  assembly  being  held  fixed. 

viv  o  !.£«» 

** MV  Ant>  T 

Moment  exerted  on  Body  li  with  respoct  to  0a*2  duo  to  a  gonorai  displacement 
of  Body  1  with  Body  II  held  fixed 

Moment  exerted  on  Body  U  with  rospoct  to  03  ya  duo  to  a  gooecal  displacomont 
of  Body  U  with  Body  I  hold  fixed 

Momont  oxorted  on  Body  1  with  respect  to  0^  duo  to  a  general  displacement 
of  Body  U  with  Body  I  hold  fixed 

iii 


a  2*  $2»  ?2» 


Mass  of  the  cradle  (Body  1) 

Mass  of  the  assembly  (Body  2) 

Small  displacements  of  the  center  of  mass  of  Body  I  in  the  a?*,  y-,  and 
s-directions,  respectively 

Small  rotations  of  Body  II  about  02a?2,  02y2,  and  02  a2,  respectively 
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ABSTRACT 


The  natural  frequencies  and  normal  modes  of  vibration  of  a  cc  npound 
mounting  system  are  determined.  The  system  consists  of  an  assembly 
supported  by  a  set  of  isolation  mountings  carried  by  a  cradle  which  is,  in 
turn,  supported  by  another  set  of  isolation  mountings  attached  to  the  hull  of 
a  ship.  The  dynamical  equations  of  motion  of  the  system  and  the  numerical 
solution  of  a  specific  example  are  given. 


INTRODUCTION 

The  subject  of  isolation  mounting  of  shipboard  equipment  as  applied  to  single  assem¬ 
blies  is  discussed  in  detail  in  Reference  1.*  There  the  general  dynamical  equations  for  the 
system,  consisting  of  a  rigid  assembly  supported  by  a  set  of  mountings  of  arbitrary  orientation, 
are  derived,  and  it  is  pointed  out  that  the  normal  modes  and  natural  frequencies  of  this  sys¬ 
tem,  which  has  six  degrees  of  freedom,  can  be  found  by  the  use  of  a  digital  computer. 

Although  Reference  1  points  out  the  advantages  of  designing  such  systems  so  that  planes  of 
vibrational  symmetry  exist,  the  general  problem  which  was  coded  was  subject  to  no  restrictions 
as  to  symmetry.  This  permitted  the  use  of  a  sot  of  reference  axes  with  arbitrary  orientation, 
Tho  only  restriction  was  that  the  origin  of  the  coordinates  be  located  at  the  center  of  gravity 
of  tho  mounted  assembly  in  its  rest  position. 

Although  compound  isolation  mounting  systems  havo  been  in  use  for  some  time,  they 
have  become  of  increasing  interest  since  the  publication  of  Reference  t,  In  the  compound 
system  a  cradle  or  rigid  frame  is  interposed  botwoon  the  hull  and  the  bases  of  the  mountings 
which  support  tho  assembly  and  the  cradle  is,  itself,  supported  by  another  sot  of  mountings 
whose  bases  are  soeured  to  the  hull  structure. 

Tho  Bureau  of  Ships  requested  the  David  Taylor  Model  Basin  to  develop  methods  for 
calculating  the  normal  modes  and  natural  frequencies  of  such  systems.3  Accordingly,  this 
report  is  concerned  with  the  extension  of  the  analyses  given  in  Reference  1  to  compound 
systems.  The  treatment  of  the  same  problem  by  the  electrical  analogy  is  discussed  in 
Reference 


DYNAMICAL  EQUATIONS 

The  system  under  consideration  is  shown  schematically  in  elevation  in  Figure  1^.  The 
upper  body,  whoso  mass  is  «2,  comprises  the  entire  assembly.  Tho  lower  body,  whose  mass 
is  «j,  comprises  tho  cradlo.  !u  this  schematic  representation  two  (airs  of  coil  springs  are 
shown.  Each  fair  represents  a  complete  sot  of  isolation  mountings  not  limited  in  number. 


u*  U«Ud  oa  p*gc  12. 


Figure  1  -  Schematic  Elevation  of  Compound  Isolation  Mounting  System 

The  lowor  pair  of  springs  represents  the  set  between  the  cradle  and  the  hull,  whereas  the 
upper  pair  represents  the  set  between  the  cradle  and  the  assembly. 

In  Figure  1  the  system  is  assumed  to  be  in  its  rest  position,  under  gravity,  with  the 
mountings  unlocked.  For  this  condition  a  fixed  (in  space)  set  of  rectangular  coordinate  axes 
with  origin  at  the  center  of  gravity  is  established  for  each  body.  Only  the  »*  and  «-axos 
appear  in  Figure  1,  but  each  set  is  actually  a  sot  of  right-hand  axes  of  the  type  indicated  in 
Figure  2.  Although  there  is  no  restriction  ns  to  the  orientation  of  the  axes  with  respect 
to  either  body,  the  problem  has  boon  coded  on  the  assumption  that  the  two  sots  of  axos 
are  parallel. 

Obviously,  the  cradle  is  subject  to  forces  and  momonts  exerted  by  both  sots  of  mount¬ 
ings,  whereas  the  assembly  is  affected  by  the  upper  set  only.  Furthermore,  it  is  clear  that, 
if  the  assombly  is  hold  fixed,  the  cradle  is  subject  to  the  analysis  given  in  Appendix  5  of 
Roforenco  i  for  tho  one-body  system.  In  this  case,  the  two  sots  of  mountings  combine  into  a 
single  set  since  the  assembly  then  in  offoot  boeomos  part  of  the  hull. 

Except  for  obvious  subscript  and  superscript  designations,  the  notation  in  this  report 
conforms  with  that  of  Soforonco  1,  and  tho  ineb-pound-sooond  system  of  units  is  retained. 
Thus  tho  K*s  oro  spring  constants  of  ontiro  sets  of  mountings;  /]  is  tho  mass  moment  of 


inertia  of  the  cradle  with  respect  to  OjZjj  i^1  is  the  mass  product  of  inertia  of  the  assembly 
with  respect  to  02*2  and  02y2;  anc*  m  i  is  the  mass  of  the  cradle. 


As  in  Reference  1,  ka  is  the  axial  spring  constant  and  kr  is  the  radial  spring  oonsiant 
of  an  individual  mounting.  It  should  be  noted  at  this  point,  however,  that,  whereas  the  coordi¬ 
nates  of  the  effective  points  of  attachment  of  the  individual  lower  mountings  need  bo  specified 
only  with  respect  to  the  axes  and  3j,  the  coordinates  of  the  effective  points  of  attach¬ 

ment  of  the  individual  upper  mountings  must  be  given  with  respect  to  a?2,  y2,  and  a2  as  welt  as 
»H  y,.  and  3 j  because  in  the  analysis  presented  in  this  report  two  sets  of  K'a  are  used  for 
tho  upper  set  of  mountings,  each  one  derived  by  holding  one  of  the  bodies  fixod. 

*  The  K1' a  are  tho  spring  constants  of  the  entire  lower  sot  of  mountings  with  respoot  to 
axos  whoso  origins  are  at  tho  center  of  gravity  of  the  cradle;  hence,  they  are  evaluated  exactly 

*  as  in  tho  ono-body  problem  discussed  in  Appendix  5  of  Reference  1. 

Tho  A,H1,8  are  tho  spring  constants  of  the  entire  upper  set  of  mountings  evaluated  with 
respect  to  the  samo  axes  as  tho  A'^s,  the  assembly  boing  considered  held  fixed. 

The  A'N’a  are  the  spring  constants  of  tho  entire  upper  set  of  mountings  with  respect  to 
axes  with  origins  at  the  center  of  gravity  of  the  assembly,  tho  eradio  being  considered  hold 
fixed. 

With  A'1V  «  A'1  +  A,,lJ  the  combined  sot  of  mountings  is  reduced  to  one  set  since,  if  the 
assembly  is  hold  fixed,  tho  eradio  thon  comprises  a  system  of  tho  typo  treated  in  Roferonce  l. 

Tho  restrictions  noted  on  page  09  of  Reference  l  with  togard  to  torques  developed  in 
tho  mountings  themselves  are  retained,  but  it  is  noted  here  that,  if  mountings  are  to  be  used 
which  do  not  have  polar  symmetry  but  whoso  principal  elastic  axes  have  been  located,  they 
may  bo  troated  as  throe  separate  mountings,  each  having  only  ka  (that  is  kt »  0).  In  this  caso 
there  must  be  specified  the  direction  anglos  which  oach  of  the  clastic  axes  makes  with  tho 
coordinate  axes  choson,  as  well  as  the  throe  separate  vaiues  of  kQ  for  each  mounting. 

*  Likewise,  as  previously,  tho  analysis  is  valid  only  for  small  motions  about  the 
equilibrium  position  and  within  tho  linear  range  of  the  elastic  properties  of  the  mountings. 

It  is  implied  that  the  moments  and  products  of  inertia  of  tho  bodies  relative  to  the  fixed  axes 
do  not  change  significantly  within  the  range  of  vibration  amplitudes  considered. 
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Within  the  range  of  small  motions  assumed,  the  elastic  forces  and  moments  resulting 
from  a  general  displacement  of  both  bodies  will  be  the  sum  of  the  forces  and  moments  arising 
from  any  linear  combination  of  displacements  that  yields  the  same  resultant  displacements. 

A  convenient  combination  of  displacements  is:  first,  a  displacement  of  the  cradle  to  its 
final  position  with  the  assembly  held  fixed;  and,  second,  a  displacement  of  the  assembly  to 
its  final  position  with  the  cradle  held  fixed  in  its  equilibrium  position.  For  each  of  these, 
the  forces  and  moments  acting  on  the  body  that  has  been  displaced  are  readily  evaluated  once 
the  set  of  elastic  constants  of  the  entire  set  of  mountings  is  evaluated  for  the  assumed 
condition. 

Specifically,  when  the  cradle  is  held  fixed,  the  forces  and  moments  acting  on  the 
assembly  can  be  derived  by  the  equations  given  in  Reference  1  provided  the  A'SI’s  for  the 
upper  set  of  mountings  are  evaluated  according  to  the  given  formulas  with  respect  to  axes 
whoso  origins  are  at  the  center  of  gravity  of  the  assembly.  Similarly,  when  the  assembly  is 
hold  fixed,  the  forces  and  moments  acting  on  the  cradle  are  given  by  the  equations  in 
Reference  1  provided  the  A'l,s  and  A'I,l’s  are  evaluated  according  to  the  formu.  s  given  in 
Reference  1.  Obviously,  in  this  case  the  upper  and  lower  sots  of  mountings  may  be  regarded 
as  a  single  set  A>IV  -  A'1  +  Km. 

The  dynamical  equations  require  the  evaluation  of  the  forces  in  the  **,  y-,  and  a- 
directions  and  of  the  moments  about  0a?,  0 y,  and  Oa  for  each  body  when  the  system  is 
oscillating  in  any  normal  mode.  Since  the  two  sets  of  axes  are  parallel,  the  force  components 
which  the  upper  set  of  mountings  exerts  on  the  cradle  are  oqual  and  opposite  to  those  which 
it  exerts  on  the  assembly.  Howevor,  since  the  axes  havo  separate  origins,  the  moments 
exerted  by  the  upper  sot  of  mouuts  on  the  cradle  will  not  be  equal  and  opposite  to  the 
moments  on  the  assembly. 

Hence,  before  tho  dynamical  equations  for  the  compound  systom  can  be  writ»on,  it  is 
necessary  to  establish  tho  equations  for  the  transfer  of  moments  exerted  by  the  tipper  set  of 
mountings  from  one  body  to  the  other. 

Lot  a  moment  exerted  on  Body  It  (with  respect  to  axes  *2,  y3,  dee  to  motion  of 
Body  1  with  Body  11  held  fixed  bo  designated  and  the  moment  on  Body  11  with  respect 
to  tho  same  axes  duo  to  the  motion  of  Body  U  with  Body  1  hold  fixed  bo  designated  UiitlK 
Likewiso,  lot  the  moment  on  Body  l  (with  respect  to  *j,  yt,  a,)  due  to  tho  motion  of 
Body  II  with  Body  I  held  fixed  by  Af11*1,  and  tho  moment  on  Body  1  duo  to  the  motion  of 
Body  1  with  Body  11  hold  fixed  by  N1,1, 

Lot  tho  foreoa  bo  similarly  designated,  but  recall  that 

yU  m  „  /cut 

and 

ftl.t  „  _  fU.il 

In  deriving  tho  momont  relations  it  must  be  recatlod  that  tho  oqual  and  oppostto  foreoa 
oxotlod  by  any  mounting  aro  considered  to  act  at  tho  effective  point  of  attachment  of  that 
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mounting.  It  should  be  noted  that  such  points  do  not  appear  in  Figure  1,  which  is  only 
schematic.  The  latter  point,  which  is  fo  cussed  in  detail  in  Reference  1,  is  common  to  both 
bodies  when  the  part  of  the  mounting  attached  to  either  body  is  regarded  as  integral  with  that 
body.  Hence,  the  forces  which  any  mounting  of  the  upper  set  exerts  on  the  two  bodies  are  not 
only  equal  and  opposite  in  direction  but  act  through  the  same  point  if  small  vibratory  displace¬ 
ments  are  neglected.  Torques  developed  within  the  mountings  themselves  are  neglected  here. 
Then,  if  the  superscript  I  is  used  to  denote  the  coordinates  of  the  origin  Oj  with  respect  to 
axes  a?2,  y2,  s2  and  the  superscript  II  is  used  to  denote  the  coordinates  of  the  origin  02  with 
respect  to  axes  x1(  yv  zv  the  following  equations  for  transfer  of  moments  applied  by  the 
upper  set  of  mountings  result. 

M"'1  =  +  FgU,tt  y»  -  3n) 

Afy H.»  -  ♦  Fxll‘u  a“  -  x”) 

yn.i  m  .(.vaiwi  +  -  F^Wy**) 

V‘H  *  -(V*1  ♦  VV  -  Fyhl2l) 

-  -(«/**  +  F,1*1  sl  -  F,1*1**) 

V,1*11  »  “(#,***  +  Fy*'*  arl  -  Fxl,l  yl) 


All  forces  appearing  in  these  equations  are  exerted  only  by  the  upper  sot  of  mountings  and  are 
the  resultant  for  that  entire  sot. 

Let  it  be  assumed  that  04  falls  on  02.  Then,  since  all  the  forces  on  the  two  bodies  are 
equal  and  opposite  and  all  the  lover  anus  are  in  this  ease  identical,  the  net  moments  will  also 
bo  equal  and  opposite;  that  is,  .If*1*1 «  -  #**♦**.  The  additional  terms  on  the  right  side  of  the 
equations  arise  when  0t  is  shifted  to  the  position  #*,  yl,  a*  and  it  is  noted  that 
sl  «  «#M;  yl  -  a1  *  -*M. 

There  wilt  be  twelve  dynamical  equations  each  obtained  by  equating  the  time  rate  of 
change  of  linear  or  angular  momentum  of  one  of  the  bodies  to  the  resultant  fore©  or  moment 
acting  on  that  body.  The  rates  of  change  of  momentum  when  expressed  in  algebraic  form  are 
identical  with  those  used  for  the  one-body  problem  in  Reference  1  such  as  -  wu«3  and 
HjjCku3  *  I#y  *  l#1  yt«2)  appearing  in  the  equations  at  the  top  of  page  104  of 


Reference  1. 

The  force  and  moment  expressions  for  the  compound  or  two-body  problem  can  be 
written  down  at  once  when  it  is  remembered  that  each  force  or  moment  is  the  resultant  of  tho 
force  or  moment  developed  first  by  holding  Body  It  fixed  and  moving  Body  I  to  its  final 
position  and  then  by  holding  Body  1  fixed  and  moving  Body  H  to  its  final  position. 

Tho  rules  for  transferring  farces  and  moments  from  one  body  to  the  other  Havo  been  given. 

As  an  illustration,  the  equation  for  time  rat©  of  chango  of  rectilinear  momentum  of 
Body  I  In  tho  Jvdiroction  is: 


«!«!»- 


(C  +  K«lU)  «,  +  (*J  ♦  O 

+  (KUJ  +  *3  tet  +  (Kua  +  O  «j 

+  (M  +  MI>^i  +  (^r+lf  “>  Yi 
-  If”  «2-/v»  *a-*.E«a-0»a 

The  equations  for  time  rate  of  change  of  angular  momentum  contain  more  terms  than 
those  for  rectilinear  momentum  but  are  obtained  by  the  same  general  procedure.  Thus 


i;a,-gji,-U  v,-- 


whore 


<*.i+0  «i  +  (C+0  vi 


♦  ***** 


«,**•* .  .(4I”*11  *  f’*ul  »  -  F  «•“  4») 


»  -tf«8va-*JS«a 
-  «a3-* 

♦  y11  /  -  *tt‘J  ^  «a  -  O  «a  , 

“  ^  wo  °2  “  M  $2  “  ^ttfSy  y2  / 

“**'  /  ”  ^u*  yl  “  ^  vJ  *2  “  \ 

'  '  *  va«2  ~  fi 2  “  *vy  ra 


When  the  terms  with  second  derivatives  in  time  are  converted  to  algebraic  form  and  all  terms 
are  transferred  to  tho  left-hand  side  of  the  equations,  the  complete  set  of  twelve  dynamical 
equations  yields  tho  frequency  determinant  shown  on  page  7. 

Tho  12  by  12  mau*x  is  symmetrical  with  respect  to  tho  main  diagonal,  which  implies 
that  the  tf***a  can  be  oppressed  in  terms  of  the  and  vice  versa. 

Tho  digital  solution  of  tho  problem  follows  tho  scheme  used  for  tho  one-body  problem 
and  discussed  in  Reference  1. 


12  x  12  Matrix 
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SAMPLE  CALCULATION 


Although  the  compound  mounting  problem  chosen  for  solution  resulted  from  a  specific 
shipboard  installation,  it  is  unnecessary  to  discuss  the  equipment  involved  here.  It  is 
sufficient  to  state  that  the  system  was  such  that,  at  least  within  the  range  of  vibration 
frequencies  to  be  dealt  with,  both  the  assembly  and  the  supporting  cradle  could  be  considered 
as  rigid  bodies.  These  are  designated  as  Bodies  I  and  II,  in  accordance  with  Figure  1. 

It  is  assumed  that  the  static  problem  has  been  previously  solved,  which  means  that  the 
position  of  the  center  of  gravity  and  the  orientation  of  each  body  with  respect  to  the  hull  is 
known.  Then  axes  «j,  yv  z^  and  ®2,  y2,  s2  are  established  with  origins  at  the  centers  of 
gravity  and  known  orientation  with  respect  to  the  hull. 

The  masses  and  moments  of  inertia  of  the  bodies  were:. 


=  5.10  lb-sec,2/in. 

I*1  ■  307  lb-sec2  in. 

Iy1  =  10,080  lb-sec2  in. 
I#*  =»  10,080  lb.sec2  in. 
«2  «■  6.51  lb-seo2/in. 

I*11  ■  1768  lb*seo2  in. 

Iyu  -  3150  Ib-soo2  in. 

Ien  -  4300  lb-sec2  in. 

The  products  of  inertia  for  both  bodies  aro  zero;  i.o,, 


and 


I  1  *  i  1  -  I  i  -  o 
*xy  *x«  4yi  u 


The  lower  sot  of  mountings  consisted  of  four  identical  mountings  with  axial  spring 
constants  ka  »  3370  Ib/in.  and  radial  spring  constants  kr  -  2000  Ib/in.  Tho  coordinates  of 
the  effective  points  of  attachment  of  thoso  mountings  with  rospoct  to  yv  sv  used  to 
ovaluato  tho  A'^s,  were: 


Mounting 

X 

y 

3 

1 

44.5 

-7.  5 

-7.35 

2 

44.5 

7.S 

-7.35 

3 

-44.5 

7.5 

-7.35 

4 

-44.5 

-7.5 

-7.35 
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The  orientation  of  the  axes  of  all  four  mountings  was: 


cos  4>x  =  0 
cos  <£y  =  0 
cos  =  1 

The  upper  set  of  mountings  consisted  of  four  identical  mountings  with  axial  spring 
constants  ka  =  2480  lb/in.  and  radial  spring  constants  Kr  ®  1195  lb/in.  The  coordinates 
of  the  effective  points  of  attachment  of  these  mountings  with  respect  tQ  8?^,  yv  sv  used  to 
evaluate  the  Klll,s,  were: 


Mounting 

X 

n 

2 

1 

44.5 

-7.5 

7.23 

2 

44.5 

7.5 

7.28 

3 

-44.5 

7.5 

7.28 

4 

-44.5 

-7.5 

7.28 

The  coordinates  of  the  effective  points  of  attachment  of  the  upper  set  of  mountings  with 
respect  to  »2,  y2,  a2,  used  to  evaluate  the  Klus,  were: 


Mounting 

y 

3 

33.44 

-7.5 

33.44 

7.5 

3 

-55.56 

7.5 

sill 

4 

-55.56 

-7.5 

-20.28 

Tho  orientation  of  the  axes  of  all  four  mountings  was: 

cos  <f>K  «  0 
003  <j)y  g  0 
003  (ftg  »  1 

Table  1  shows  the  printed  output  of  the  digital  computer  for  this  system.  Hero  (/,  K, 
and  IV  represent  u,  v,  and  to;  and  4,  B,  and  0  represent  a,  £«  and  y,  Tho  table  givos  tho 
normal-mode  pattern  corresponding  to  each  of  the  twelve  natural  frequencies  of  the  compound 
system.  Only  tho  relative  magnitudes  of  tho  valuos  given  ore  significant,  but  it  is  to  be 
noted  that,  since  the  input  data  were  given  in  inoh-pound-seeond  units,  tho  values  of 
4,  B,  and  Q  will  bo  in  radians  only  when  the  values  of  u,  v,  and  w  are  expressed  in  inches. 
In  Table  1  all  displacements  arc  expressed  as  numbers  between  1  and  10  followed  by 
an  exponent  expressed  in  powers  of  10.  When  the  system  has  planes  of  vibrational  symmetry 
which  ooinoido  with  certain  planes  of  tho  coordinate  systom  chosen,  as  in  this  example,  the 
normal  modes  will  not  actually  invoi*  *>  all  12  coordinates.  However,  the  coordinates  that 
are  theoretically  eero  appear  in  tho  output  date  os  very  small  numbers  (with  exponents  from 
10”  6  to  10~l°). 
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TABLE  1 


Output  Data  Sheet  from  Digital  Computer  for 
Compound  Isolation  Mounting  System 


On  this  UN IV AC  Data  Sheet 

U\,  U2,  Vl,  V2,  VI,  W2  ■  uj,  Uj.  v2>  WV  w2 

-41,  A2,  SI,  B2,  Gl,  G2  -  ava2,  yj,  y2 


NATURAL  FREQUENCY 

« 

1*05326  00 

U1 

«  -4.5647E-09 

VI  ■ 

1.6S43E-01 

Ml  =  -l,217*E-09 

A1 

■  -1*70316-02 

Bl  *  -1.6980E-10 

Gl  » 

2*05456-04 

U2 

•  -2.46436-08 

V2  » 

UOOOOE  00 

W2  =  6, 61376-09 

A2 

*  -3*ie04£-02 

B2  ■  -7.6649E-10 

02  ■ 

5*39986-04 

U1  ■ 

2.0422E-08 

VI  •  -1.0000E  00 

natural  frequency 

Ml  '  -1.9059E-08 

■ 

AX 

4.9313E  00 

»  3.2187E-02 

61  ■  -3.8411E-10 

01  « 

2*89076-02 

U2  « 

1.70C4E-08 

V2  ■  -1*93016-01 

M2  a  -2.2791E-06 

A2 

»  -3.7323E-02 

62  •  -X.0429E-09 

02  • 

4*83506-02 

NATURAL  FREOUENCV 

■ 

4.4979E  00 

U1 

-1.6509E-08 

VX 

• 

1,00006  00 

W1  •  3.3330E-08 

AX 

■  -3.33X2E-02 

81 

a 

5,120*6-12 

01 

■ 

1U003E-02 

U2 

-WT8T36-08 

V2 

• 

4,9X576-01 

M2  •  5*52386-08 

A2 

a  7,59306-02 

82 

■ 

7.68756-10 

03 

ft' 

2,9349E-02 

NATURAL  FREQUENCY 

a 

4,2*946  00 

UX 

1.0902E-01 

VI 

a 

3,4X636-06 

MX  •  4.7755E-01 

A1 

«  -1.1359E-07 

01 

-1,98596-03 

01 

a 

1,08*26-07 

U2 

la 25*96-01 

V2 

« 

3,487*6-0* 

M2  •  1,00006  00 

A2 

a  4.2480E-I ' 

82 

-4, 939*6-05 

02 

■ 

2,2083E-07 

NATURAL  FREQUENCY 

a 

2,9095E  00 

UX 

S.B1B8E-01 

VX 

m 

1.Q803E-07 

Ml  ■  -2.2770E-02 

A1 

a  -3.07596-09 

Bl 

3,88606-03 

01 

a 

4,15316-09 

Ui 

1,00006  00 

V2 

m 

2.097XE-07 

M2  •  -X. 23256-OX 

A2 

•  3.72216-09 

82 

6,4*095-03 

02 

« 

4.988*6-09 

NATURAL  FREOUENCV 

a 

7.0999E  00 

UX 

1«OOOOE  00 

VI 

a 

J.8192E-09 

Ml  •  -3.4809E-01 

A) 

a  -2.S822E-10 

81 

-2.4395E-02 

01 

a 

1,32516-09 

U2 

-3,31796-02 

V2 

a 

-4,86036-10 

M2  •  -9,4*326-03 

A2 

a  1,4*726-09 

82 

-1,58996-02 

02 

• 

3,31966-09 

NATURAL  FREQUENCY 

a 

1,81096  00 

UX 

-1.00006  00 

VI 

• 

-7.2*316-01 

Ml  •  -1.4955E-0I 

AX 

a  1,25396-09 

81 

-1,47186-02 

01 

« 

-1,109*5-09 

U3 

4.J562E-01 

va 

ii 

3,47**6-06 

M2  •  X, *1216-02 

A2 

a  4,34366-09 

82 

-1,20316-03 

03 

ft 

*,23746-09 

NATURAL  FREQUENCY 

a 

9,3*136  00 

UJ 

•1,39966-OT 

VX 

• 

-1,00006  00 

MX  »  -1.142*6-07 

AX 

»  9i9297E«03 

Bl 

-9,97*46-09 

01 

« 

-1,99306-02 

UJ 

1.9*106-07 

V2 

w 

4,46986-01 

M2  •  2*02886-08 

A3 

•  3,57116-02 

82 

-9,41*56-09 

03 

ft 

1**4126-03 

NATURAL  FREQUENCY 

a 

1,03296  01 

Ul 

-7.907*6-0* 

VI 

m 

t.ooeoE  no 

Ml  •  -1.2461E-0T 

AX 

a  2.0647E-02 

81 

-4,0*276-09 

01 

a 

-2. *9306-03 

Ul 

4.14566-08 

va 

-4,473*6-01 

M!  ■  3,340*6-08 

A2 

•  -3.77336-02 

82 

-5,5*516-09 

02 

ft 

4,5**16-02 

NATURAL  FREQUENCY 

a 

1.1968E  01 

Ul 

2,9*0X6-02 

VX 

• 

J.T010S-09 

Ml  «  1,00006  00 

AX 

a  -*,97926-09 

Bl 

-7.12»*e-03 

01 

ft 

2 • 20406-09 

Ul 

“4.1544E-0J 

va 

• 

-6.6460E-0* 

M2  ■  -3,92796-01 

A3 

a  1,93496-09 

02 

2*36236-03 

03 

ft 

5,413*6-09 

NATURAL  FREOUENCV 

* 

X, 30476  01 

UI 

-7,50*76-01 

VX 

• 

-7.72206-01 

Ml  •  2,*O386-0T 

AX 

•  -XiOOOOE  00 

Bl 

-1,04716-08 

01 

ft 

-*,*1016-01 

ua 

4,42106-08 

va 

« 

-6,60236-01 

M3  •  -l,»T**e-07 

A3 

•  -1,9*916-03 

62 

-1,9X066-06 

03 

ft 

2.43*36-02 

NATURAL  FREQUENCY 

a 

1,97996  01 

Ul 

-5»647e6-0l 

VI 

• 

5,25756-10 

Ml  ■  1,00006  00 

AX 

•  5,12*36-10 

61 

*.991 IE-02 

01 

• 

9,1*176-10 

UJ 

5,21106-01 

va 

V 

1.60056-09 

M2  ■  -5,732*6-01 

A3 

■  6,43*56-10 

82 

-1,92906-01 

03 

ft 

1,0**26-09 

OUSte  CONVERSION  STARTED 
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Table  2  gives  the  essential  information  contained  in  Table  1  with  the  small  quantities 
deleted  and  the  exponents  replaced  by  the  appropriate  shift  in  the  decimal  points. 

TABLE  2 

Normal  Mode  Patterns  in  Condensed  Form  for  Sample 
Compound  Isolation  Mounting  System 

The  first  number  applies  to  the  cradle  and  the  second  to  the 
assembly;  the  calculation  was  made  in  incb-pound-aecond  units. 


* 
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DISCUSSION  AND  CONCLUSIONS 


This  report  is  concerned  chiefly  with  the  mathematical  solution  of  a  basic  problem  in 
vibration.  It  need  hardly  be  emphasized  here  that  it  is  possiblo  to  obtain  such  solutions  only 
by  idealizing  the  actual  shipboard  installation.  Only  if  the  assembly  and  the  cradle  are 
sufficiently  rigid  in  relation  to  the  flexibility  of  the  mountings  to  be  installed  in  the  ship, 
will  the  analysis  given  in  this  report  be  meaningful.  It  is  distinctly  in  the  interest  of  the 
designer  to  ensure  that  this  condition  is  fulfilled,  for  he  will  then  have  assurance  that  the 
desired  degree  of  isolation  from  hull  vibration  will  be  realized.  An  important  extension  of 
the  problem  not  explored  in  this  report  is  the  case  in  which  the  hull  structure  which  supports 
the  mountings  carrying  the  oradle  cannot  be  assumed  rigid. 

Although  in  the  majority  of  oases  planes  of  symmetry  will  exist  as  in  the  example 
presented  here,  the  equations  discussed  and  the  coding  for  digital  solution  are  in  the  most 
general  form  and  permit  any  orientation  of  the  assumed  axes  (provided  the  two  pairs  remain 
parallel)  and  any  degree  of  asymmetry  either  of  the  cradle  or  of  the  assembly. 

The  treatment  of  this  problem  by  means  of  an  electrical  analog  is  discussed  in 
Reference  8. 
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